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(54) STEREOPHONIC SOUND FIELD CREATING SYSTEM BY ULTRASONIC WAVE 
SPEAKER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a system that 
can create an audible sound filed at an optional point in 
a space without the need for a mechanical drive 
mechanism. 

SOLUTION: Two speakers 11,12 emit ultrasonic waves 
whose frequency f1 is the same but whose phases differ 
from each other so as to create an intense linear 
ultrasonic wave sound field only in a particular direction 
(shown in dotted lines) through the interference between 
them. Similarly two speakers 21, 22 emit ultrasonic 
waves whose frequency f2 is the same but whose 
phases differ from each other so as to create an intense 
linear ultrasonic wave sound field only in a particular 
direction (shown in dotted lines) through the interference 

between them. When a difference between the frequencies f1 , f2 is selected to be a 
frequency within an ultrasonic wave band (20 kHz or over), an ultrasonic wave sound field 
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with a frequency f3=&verbar;f1-f2&verbar; is created only at cross points of both the 
interference ultrasonic wave sound fields (auditory area). When other ultrasonic wave speaker 
31 emits an ultrasonic wave resulting from superimposing an audible sound wave on the 
ultrasonic wave with the frequency f3, an audible tone by beat can be created in the auditory 
area. 
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b) ftmmfcm 1 1 (omm^w.^. t a« ji^g^a^ 

3l2gjK^-7£> 

c) I fi-f2 | w^iSic^^-rs€tK{c:^LT^ilit& 

SB 2 l«Vtt%tt^fto«i-S)S*ttj:tt4B^ 022«rt 

•eftgtttfcw k Z¥f®ktZ>m%m l Xfi2 fcffifcoi: 

[8S#«4] I fl-f2 | (OJSft^cSrWt-ijfflifSfc^ 

£ 2 ©*TO*aM*«j£«#a&JEfcKtf fcc. k 
«i:i-5BI*« 1 ~ 3 W-ftii*\z1BM0iL#1tm&l& 

(f»*85] | fl-f2 | <0««»Sr#i-5ja*»lc*t 
^ftSrHKKlt fc r t £«Mft i 1 ~ 3 ©v *f 

kiStmm l ~5 w^-ftt^^E^co^^^^ 
b)ttttaUBVtt^iq--llttfcoiBttt«:lk«$IR|K:«-r 

-e, %3 im%$L&&^®<D%i-z ) m : g&kimfrdz 
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t>&Z^k*®mki-Z> 7 lEftcoafc* SW&fc*> 
[»*«9] a)HSaf6<oSWjfiS:i3tS1-S*l 0 1 

aiFS&s^iki. jiftsfcf6t?, m o leifftss^ 
b> w&msm eoM^fo [z-simz tcm^ 

mttZk*®&klTZ>tLW%®M&i'* ; rK 

mL^fk<n&-tzm%mk®.m- e utm-ftitcm^®. 
*g? 9 xt± i o \ztm<DiL&%mjvi&i'XTJ± a 

10 0 0 1 ] 
jo {000 2] 

h!ly^7W^ t°-U hhZo Wx.tf«ffl2000-36993 
40 [0003]-^ a»©aiPjfiif JBSrffl I >5 r i IC.J: 

[0004J 
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[0 0 0 5] — WMipll-M5915ICBB**iX-C^S 
[0 0 0 6] *5SW»ii©J:9 43SHH«:»ft-r5fc«)t 
[0 0 0 7] 

CIS $ ftfc^lPJ Ktt 5 fAl; f4, 3 

aD^ftikfiOiBtjSSraift-t-aSi 1 ig^ftizlft^lS: 
a2)Jlft$CflT% mi 1 S^fti£ft#aw3g-r3@^ft 
iffift#ei*rt*-f*vfcjlB»lfe«rjSiW-*Jll 2*l^ft 

mm® 

bDmeniKftf 1 1 fc*j3ft&f2©jg 
gft^a 

c) | fl-f2 | (0«tt«Sr*-f 5j8*ftK»U-C^rWl*« 
&ft¥& 0 

[0 0 0 8] g2©H^ll, iJcoJ: ^^v-^r-A-cfe 

fcai-sjfctf&swftaft^a t 

*i]ffl##«*®8£Rj£ft#I&&«#Looj& 
[0 0 0 9] ^3<0«|^f4, «T<D#if t 
al)ffl«ftf6©«*«&2&ftr5ISl 0 1 i&tft&ft^ 

So 

a2)ffl«ftf6T», mi 0 1 ffl*Si£R#»<0«1-SjB* 

bmi^SSig^fti&ft^A--^ Cco*{c(i»(Og^ 
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b l ) ffiGft ft »f6(0 C Bjtti* * fift t jB*« * 

gft-rsm 1 1 1 

b2>mi i im%&&m&(o&-tza : ttikbma#e5 

[0 0 10] 

&©a*)-<?*>5. mi^ft^-^co2oroS^ft^ft 
(mi l 4S*&&tt¥ftAtMI l 2S^ftiIft^ 

<*S. -t©*|6lKitt, PnS^ft&ft^fS: (mi 1 «* 

»is«#gkxi;*i 2«*ftjS6»*a) <t>w«>e*li i 

ffittJIfliCrtJC-C^CJ:*)^** (elicit) o 

Kl=sin-l((c- 0 l)/(2- x -Ll-fl)) 
[0 0 1 1 ] «2i£S^-:/©2o<0jH*«jS«#S 
(£2 l«*fti£ft¥&fttf82 2i@tftiSftW 

?>t>P)1£tC, P)-JSfti:f2Tl4tSM/i 5 e2T*fc-5atft 

20 CO^r|SjK2C*5^TO^g (fitS) #*#<£5 (L2(4 
m2 igtiStii#gil2 2J8*tti*tt¥Jgom«>E 
St) o 

K2=sin-»((c- 0 2)/(2-7t-L2-f2)) 
[0 0 1 2] (SEJ^ft^/U-^bcO^ft^^i-^,^ 

"Cf4, Pl^«05*9 as^-f5. mii^ft^ 

/w-y^b ©^FRftojsftsicttf i . m 2 mn[?A,-7fr 
bnnmvmfcm i4f 2 x h z> tz ic *> ^ x & 

C5 5fc0 ( rjaffi^pgsftj fc^45) tf>jift$:f3f4*w 

n i n-f2 1 xh%> #*w^tt£ t>tt*ft 

so $ (-fftfc &20kHzgt±) t^5«t5CLT^5fc 
ft, r<0JSfc^#ftSftttArafcfiHr*fcK 
[0013] *H0Jcom i wlltiill;, r^^m 
1, m2&ft^-^tf4!5iJC^fti*ft¥JtS (*T«* 

14, ±E3ftftf3©ja*ftK:» fl^Lfci^KSrolFJ* 
ftSrafit/cS^ft^lBjCM^F^Cilft-rSo Citfc 
±9, ±E^H-Sic:*JV^-C»4, ro^WtfiftHWftfls 

£ft«>g^;fe*^«W#*©£iS.&fcJ3^Tff4$;h, 

•»o 

[0 0 14] *5S«<0|g2©j8«Cj3^TI4, JSfcjg^ 

ftjS»#att-«:«Cfi0f€©»gffcBSLT*J < t ^ 
[0 0 l 5] #$gBJ<omi (OMQkn^ttZm 
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[0016] *¥twoM3<DM®<Dmi&j&m\-m<Dm 

1 o i m%&m$®%.xfM i o 2m^mmm^) 
mmfex-immtfe4x*h5m%m>£&zti. mm 

%m*Z<Dmjf<D£fflX~ : >F&LX, &W#|SjK3IC*5^-C 
cO^&g tfS*#<43 (L3li^l 0 lgt&& 

m®ctmi 0 2g£j£i£&^J&<Draw!lg|i) . 
K3=sin-l((c- 8 4)/(2-7t-L3-f6)) 
[0 0 1 7 J Sf%^S:B : B&m^^-Zf<D2^(Om 

ip«ai»¥a (*i 1 1 1 1 2S 

f6 (iKBtt&iiat) T?ttftli*se5-c*)*jawa!t*s 

(D#|6|K4fc*i^-C©*3&U£ (Mm #*#<45 (I4(t 

mi i i i 1 2ja««E26is#a«)ra 

OEM) . 

K4=sin" 1 ((c- 9 5)/(2- n -L4-f6)) 
[0 0 18] ^ft^-^bW^S^^H-t-S.fe 

&o ^<om&. ±j$.ztiz> 

[0 0 19] *«Mfc««^r^ttv^ 
[0 0 2 0] 

[hjs^ii Hi~H4 4fflv>-c > *mw<nm i <ds«<d 

if-SS) l-fattr, 2^w-7 6 (D@i : )S^f-^-tr-7 
6£fi-f3 0 JBio^A'-y©**-*-*? hr±2*«><H 

* j/ h t> 2 tr-* 2 i &lf2 2 i» 

3 1 fca*3SW»CfiHtTE«i-5. 11, ] 

2, 2 1, 2 2, 3 lfcttiaWSiMtt^ai 3, 14, 

2 3, 24, 3 3 Srtifc-eWfelJH-a. 

[0 0 2 1 ] #^-:/©2fc0jHlFjS;*fcr-;fr[l 
1, 12], [2 1, 2 2]ttlS-<0«*«flr*£4#» 
1 5, 2 5a»feEI-<0fflftfe©«tfft{g-!3-££lti o # 
ffl*ft»S«&¥Sl 5, 2 5#384-r*«*S©JBIfc 
Rfc-t*i-e*ifK f2i-T5t, nnftftd. -toss in 

-f2 I *^l49i8*j8E« (1-4to*>» 20kHz£t±) £4 

[0 0 2 2] £40w-7V) 2 

<0?*>, -^Tc07.f-*1 2, 2 2 tj8*fi(8**ft^ 
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[0 0 2 3] fg5©iH#»^tf-*3 lfcfi, JI)j£&^ 
#»3 5&«tt-f5. 4*5, *Itttftt#&IEftL-Ci3< 

[0 0 2 4] COi^T^eDftft&afcWfcttH-fa. 
(4, H2(a)fc*-t«jft«[fl=40kHz 

Jii£$:fi=40kHz («*UD (0«*fttt»2^tf-*l 

(rad) ^ttSM^tlS, H 3 ICtfIM: 5 r. 
1 X0«J|I2^ ^-.**>bU«*Sil5 fc 

Kl=sin -1 ((c-ei)/(2-wLl-fl)) 
20 (fcfc L, Little-* 1 1 £ 1 2 i^raccM) 

[0025] B2 ?)\<-7<»m%mt%%L>£*®. 

2 5fi, 0 2(b)(c:*i-|l«»f2=6OkHz CO 

f 1 — f 2 | = f3fi20kHzT-fe-5, 12^-^*51,^1 
^t'-*2 1« 2 2©j£jg^5gW&<OfifBil£e2 (r 

ad) ti-^t, ±BW«*afcJ:!), 12^-/0/ 

K2=sin-l((c- 0 2)/(2-7i -L2-f2)) 
so (tztz. L, L2I4* t-* 2 1 i: 2 2 t rora<0EBI) 

[0 0 2 6] :Jxfe2o©fW^5f)gt (£TF, 

(T*) S/iiSiCCOMT'fc^ I fl-f2 I =f3<0 

»4:*J«i-5. 4-©^, W,\>f)V—7 

60kHzT*fc5O-C', Traa«fc*5l^T20kHz?)IM§ 
ttH) i s »j«$iT/S. -t*i£l^(0»*SM-ctt. 40kHz 
••o atreokHzOjBIPjftisjjiu-c^S. 

[0 0 2 7] 4*5, El3A^t>Bje>^4J;9^, 
-T'tO^f-Aty h^bO^&CQIli^fSifiio-C- 

L^U, ^e-*OMIWLlSr«ftJ:*) fcfi 
v*S£lw+$Wfi<1-$r. tlc«t9, cro2owT^feco 
*lSlH«tix5. -tcofcft, 03©-*©^-^*>f,© 
T^liSilcD^-^^co^F^ft i I4SJJ5L4 < 4 

xh. 0®i^^mx&m.i-z>tztb, aaoMcft-j 
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[0 0 2 8] £fc, *5 0JH***tf-*3 1 
H«ftf3 (=|fl-f2|) ©ffi¥«S:J»at«i: UT» S 

5JBf t ft«oPI*»f5ttf3+f4iJ5ca. ffl*.tf*Pft¥fta> 10 
«Jft»f4*lkHzti"5 4:, »5©H#**tf-#3 1 
fefcft$ftS8*»©Ji»8f5f±2ikHzi: &*. 
[0 0 2 9] "I^|R^tc*5V>Tli, -hE5 4 9K<fc9£ 

co^i£tfS£j#-f 3„ ::t'^tS©ili I f5-f3 | = 

[0030] *^f->ic*3v^-casftjStt» *tr-* 
^iS^2©#i//u-^ , (cS3;^^d4:ffiiijil9]!§i 

6. 2 6£ffl^T6^-7Wt@ii0l£UyXfi0 2 

[003 1 ] ±f£©0K*fi, *I8®«£ § * TIB » 

5K, =&i//w-^lc3<@ (£l±) (l 
1 „ 12, 1 7&t/2 1 , 2 2, 2 7) 4rR»t, -ttub 

[00 3 2] #3&9]©I6 1 ©f6#©»J©3ll60!IS:H 5 fc 

*Sfij@if*£iS*i-**tf--# (0i 

-#3 1) £l»«RLfc *>©"?*>* (iittUfciatft 
^f-#Sr4 1 i-f*) o pnMHttkijs 

cDto£TV©£7*£fiJ!fci£© J; j \z£%P • ©l^fcl*)^ 
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[0 0 3 3] xfW«*?rffl^ ; 5i^v Ct>©#icxr 

-#©Tif«i»&*t-#3 i ©tft£ 
[0034] #*-c«t4< , ffl^rtt«<D&ffi*i*e>-e5 

«t 5 Ki, -#© 1«tt«W«**^ t-*4l ©TM* 
4 1 <OBr*««#©ttfi«r^B«E*W« 

[0 0 3 5] ^v-u^**)5^(if-7^^Ka*^# 
111 7, 08, 

[0 0 3 6] *%W<D% 1 <0*tt©X fc#J<D3*lfc0!l&ia 
««***?K*-*-51><0T?ife5. Bui2©jl9, 01©v" 

W*.tf. Sl ^/W-^rog^jg* t°-# 5 1 t 
5 2*^l±JljS^f21=60kHztiH&icf22=100kHz<D2 

X, W,2y^--70M^$L*t°-J}§ 1 t 6 2d^f±Jl 
ffi$:f31=40kHz-C\ R/«C5tttB(0ftS:S*Lfcja^8[S: 

[0 0 3 7] »U<MW1-«i, *l /^-^©-^oo 
^tf-*5 1 ^b»iJ^»itfll=60kHz(O^t& (01 1 
(a)) tfJ»ttfl2=100kHz©ia*« (01 1(c)) Srfi 
gLfcg*^ (01 2(a)) Sr^»-r?)c {tJL#cD*t°- 
# 5 2 *» b ttRI UffljSScf 1 1 =60kHzT?jWHa8|Fft £<9h 

ttft#en«»tfiifc«** (Eli Kb)) i, Kti 

«ftf l2=100kHzT'mlEi@ : i : KJ: 9 fcffitB*s 0 12^lt"f 
tifciSlfR (01 Kd)) tfefiftLfcja^ft (01 2 
0>)) ^SiS-rs, dwtttB-fixflii&tffl I2t«t9, 
^ 1 7iv--7<D* -y V frb\*. 2 ocotiiW^^Kl 

Kll = sin-l((c-011)/(2-*-Ll-fll)) 
K12=sin"l((c- 0 12)/<2- wLl-fl2)) 
[0 0 3 8] i^iC, W,2if^-rf<0~1j(0^—f] 6 1 
7i^fiJI]i£$Cf21=40kHzCO;g : § : i£ (01 3(a)) 5ri^&' 

» — » » < — . — - ft * n n » > • ' ' i w» 1371 **4-» > r\ i I t 
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X\ ffiEUHH&fc fl2icofi«HSr*-t5«W« (Hi 3 
(b)) ifl22(Ofi[«||S:^ri-5a^ft (01 3(c)) £ffi 

ftLfcsts (mi 3(d)) £i£&-f3<, zcoiimti 

d2\RV6 22K£'9, % 2 >f)V--f<r>* f-#-tr y 

K2l=sin _1 ((c- 0 2l)/(2- 7t -Ll-f21)) 
K22=sin _l ((c- 9 22)/(2- jc -Ll-f2l)) 

[0 0 3 9J ^tV^4O(0ttilt^S (KH.K12) X (K2 
1, K22) K«fc ■} . 010 ic^-T J; 51-4 #gff©nn»ftj$ 

011, 912. 921. 0 22SraSK?£i-5itK:J:«jffijK 

[0 0 4 0] ±EHJS^-C'(i€-^-^b 2^(S){C^ 

[0 04 1 ] iEtl^fAii^f ixhM%.*Emi*i<n 

1) -c*>5#, mi 4(C^-f <£5K. -*tfc-t©w»-e 
S£1-3WttWro£jB<o<£H*B«^5#a (WJSfeS 
B«*»8 2) KJ; t>. #S5fn;:« 

t . Ihltfr r K PJJffii" 5 <fc 5 4 S «54**-C#B«r 

m±w,xh% *!ffammvits *®mz-£z 0 

[0 04 2] Z<Di<'XTJ*<DMrm)tmi8,*mi 6\Z?ik 

1\ IF8H£BBM#»8 2 t LT(±. 2*o^m#© 

8 4^wi : co?iMB$F B '3coji^^fflv^'C : i : ^(Dfig§r 
BI»i-5t>co-efe5, tM#H<DB8il±r<D{t!il^ ft* 

[0 0 4 3] Ell 6co->^xi»lc|!lc:. I£ftf)/&£P4K 

[004 4] *%W<D%2 <Otm<om 1 lUKfflfrB 1 7 
n•-^.»*^fcH^-^■, is** 7 i-' — -ft o i ftim^f-eiTtqs 
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[0045] flMfi. «»ffljBtf8j*jfc#sre*,*/h 

S©«»ja**^ e-* 9 2 fctfcSMtfcU y h 
fcAix5«?U-C*tt-f5. C(Ol!|«fja*j6^br-*9 2 

9 l 

io (0^1-5@^ft(O^tv^|s)i: (±IBWTii2 o kHz) 

[0 0 4 6] :©J;5^->^fA«fi!tUfc<:t(; 
i 9 , fllfififilfft;* M—* 9 2 cO/lHic+craCD|5ISi^£ 

[004 7] /«C*J, JE^fflS^ft^ f-* 9 1 

[004 8] 01 8\z7fi-t£5iz (M2mmm) s 
fkniz^mm^m* v-u 911. 912. 913^1 

:<o [004 9] ^»*B**o#4«S:#JIS-t«*ft 
W^ffiM m 3 HJfi^J) SrEI 1 9 K «t 9 IftM-f 5. £fe3 
Si : «i*S^&£2|@Cig^^t°-*9 1 a. 91b 

*>5A/, P5iS«fflffl*»^tr-*9 1 a. 9 1 bWftfB 
iSrf r i I: J: t) I il:^ v F d-;^5 ; t 

wm-S-t P]|»t, J£«fflj8*»^ f-* 9 1a. 91b 

40 0>#fc*r«#$:aftL-c*j<. 

[0 0 5 0] ^S^co^liJgc^jEfcWfii-S^r 
ATii. iS^ffljaiFjft^tr-^g 1 c. 9 1 d. 9 1 

* m PI t T in 3 tf\ * v-^ r- A T-fii!2;$/fl ^ tf- 
* 9 1 c , 91d. 91e. 91f frbftftf ZtlZm^ 

faoimz&mt^^^tfm&zfoxi^z&k, %<d 
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{0 05 1 ] ZfobOisXTMZXr), *lj/8###3ttf> 
fMcfcAofc i # K »^ pTIE^ =SrPxa < w i #-C# 5 t v * 

[0 0 5 2] ftfc, ±K3l2f§«cD&|li£0K*(±, 

U-Cf>«t>4t\ 02 He, ^(04 5fcflMIMi0> li r«* 
S£#a 9 3 ^Bt*S4#S9 3 

•e**iW#HttWt#fc«ft«*© 5*9 (022 
(a)) fc LT®9ffl'twt*5-e#S. 
®(C<t9S»fcL (02 2(b)) , X3—s<?>7 4 A>#\z£ 
9 »Ji*jSt£fclfc*1-5 (0 2 2(c)). r5LT&9 
m * hfc*W*H*»«««*fr*li*afc 4 9 

tv rtbfc«»+*Wffl#K:-r»*i:UT»fiti-«. - 

£U£-fr, hy^JMR) K 

J:9tMH-«*ftO«i»c. m*«Jfc54 9 £4 

US*. 9 fflL-c«iii-a*ftt># 

[0 0 5 3] *^roB3fiO^<DHI£^Sr02 3 £4 

i 0 2, *H©#*fco*#a2£<&«iFRJt«¥a> 

[0 0 5 4] BlWWmfttt****^^^. 

[0 0 5 5] ::0i'*?A0|(|{ft:JlflftK1!l9i1'S. 
3? 1 S^^-ywMtjSffl^^^ad^^^Sixfc 

JSfttf6 (0iJx.fi, 40kHz) COS^iifi, 
1 0 lfcttjHfriSHIWfSl 3*r^L-C-tO*4abix 
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